Introduction
============

Medications compounds maybe have toxic effects on the ovary.^[@B1]^ These include alkylated compounds like cyclophosphamide which is used as a chemotherapy drug for the treatment of patients with leukemia and chronic granulomatous lesions and other cancers. Also, as an immunosuppressive compound it has toxic effects on ovary that can lead to infertility. Cyclophosphamide is a widely used drug in treatment of cancer and it works by impairing the growth and proliferation of malignant cells, thus it can increase the life span of affected patients. However, it has toxic effects on organs and tissues such as liver, lungs and ovaries.^[@B2]-[@B5]^ These compounds reduce the number of ovarian follicles and induce primordial, primary, secondary and antral follicles damages. This combination also leads to ovarian atrophy and apoptosis of ovarian cells. Therefore, the number of fertilized eggs decreases. The effects of cyclophosphamide depend on the duration and dosage of drug administration. In mice and rats, the most damages occur in primordial and antral follicles.^[@B5],[@B6]^

An important event after the induction of apoptosis in ovary is the oxidative stress reactions in the tissue and antioxidant activities decline such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) reductions. Malondialdehyde (MDA) is the index for lipids peroxidation evaluation.^[@B7]-[@B9]^ There are various biomarkers for oxidative stress assessment in the body. Indicators such as SOD, CAT, GPx, lipid peroxides including MDA, thiobarbituric acid reactive substances, glutarhodoxin, nitric oxide and total antioxidant capacity (TAC) are used in ovary.^[@B10]^ This study investigated the effects of chick embryo amniotic fluid, vitamin C and coenzyme Q10.

Amniotic fluid is present in the amniotic sac. This fluid builds up in the amniotic sac after passing through the embryonic layer. The compounds of this fluid in various animals include electrolytes, protein, hormone, water, carbohydrates, urea, phospholipids, enzymes and growth factors. It has a nutritional role in addition to protecting the embryo against mechanical damage and thermal shock.^[@B11]-[@B13]^

Different substances and proteins have been isolated from the animal and human amniotic fluid. The origin of proteins in the amniotic fluid is cells in the amniotic fluid, meconium, maternal uterus and embryonic urine as well as embryonic secretion from the skin.^[@B12]^ Chickens are considered by researchers today as an important research model. Different materials have been isolated from the chickens amniotic fluid such as nerve growth factor (NGF), transforming growth factor- β (TGF-β), vascular endothelial growth factor (VEGF), insulin-like growth factor (IGF)-I, IGF-II, 41 amino acids, glucose and alpha-protein.^[@B13]-[@B21]^

In this regard, it has been noted that the TAC of amniotic fluid in humans is 522μm, which is considerable in comparison with other fluids in the body.^[@B21]^ It has been described that SOD is one of the antioxidant indices in chickens\' amniotic fluid.^[@B22]^ These are parts of a series of studies on amniotic fluid in chickens and humans.

On the other hand, vitamin C is a water-soluble molecule and a strong antioxidant. Vitamin C reduces the amount of free radicals following tissue damage and its positive effects in wound healing are proven.^[@B14],[@B23]^ It has been shown that vitamin C reduces the tissue damage and improves tissue function following tissue ischemia-reperfusion. It plays a role in improving the immune system and increasing the synthesis of collagen (wound healing), catecholamine, cortisol and carnitine.^[@B23],[@B24]^ High levels of vitamin C can prevent small arteries destruction through nitric oxide synthase and nicotine amid adenine dinucleotide phosphate oxidase inhibition. A very important point in relation to vitamin C is that this vitamin also has anti-inflammatory properties due to phospholipase A~2~ inhibition; thus, it can contribute to the reduction of tissue-damaging effects of reactive oxygen species (ROS).^[@B25]^

Coenzyme Q10 is known as a potent antioxidant for reducing the amount of free radicals in the body.^[@B26]^ This agent is a lipid-soluble vitamin-like agent that is involved in the mitochondrial respiratory chain. It has been reported that coenzyme Q10 improves fertility and sperm parameters and has effects on oocyte maturation due to the presence in follicular fluid.^[@B27]^ The presence of this compound is vital for energy activities in the body. This substance plays an important role in the treatment of disorders related to oncology, cardiovascular organs, kidneys and nerves. The useful role of this substance in stabilizing the mucosal calcium channels of membrane, antioxidant defense system and reducing the amount of lipids peroxidation in the body has been proven.^[@B28]^ Considering the above-mentioned properties and agents in the amniotic fluid, especially its antioxidant properties, this study attempts to evaluate its effects on the improvement of cyclophosphamide-induced oxidative stress in ovarian tissue of mice.

Materials and Methods
=====================

**Preparation of chicken embryo amniotic fluid.**Fertile eggs of white Lohmann chicken were obtained from Zarrin Par incubation center (Urmia, Iran) and incubated in the hatching machine with temperature of 38.00 ± 1.00 ^°^C and humidity of 50.00%. Amniotic fluid was taken with a 23-gauge syringe from the egg after breaking it in the Petri dish on different days of hatch (from day 6 to 19). Amniotic fluid was obtained according to the protocols provided previously.^[@B29]^ The ferric reducing ability of plasma method was used to determine the days in which the TAC was higher in the amniotic fluid of chickens. After determining the day, amniotic fluid was centrifuged at 500 *g* for 15 min and the supernatant was removed in a sterile 0.22 µm filter.^30,31^ Fertile eggs were selected for obtaining amniotic fluid based on the determination of the day of hatching with higher amount of antioxidant and sufficient and easy accessibility of the amniotic fluid.

**Animals.**Seventy female mice with age of 8-10 weeks and weighing 30-40 g were obtained from Urmia University Animal Resources Center, Urmia, Iran. The animals were kept under constant conditions of light (12 hr light/dark cycles) and temperature (21.00 to 24.00 ^°^C). All mice had *ad libitum*access to food and water. The mice were kept in standard metal cages with sawdust bedding and the bedding was changed regularly. Before starting the study, vaginal smears of all mice were taken and mice that were in the same sex cycle were selected. The experiments were performed on animals in accordance with the guidelines of the ethical committee for research on laboratory animals of Urmia University (AECVU-162-2018).

**Study groups.**The study was conducted in 7 groups (n = 10). The first group was healthy control (CH) and distilled amniotic fluid was used at a dose of 2 mL kg^-1^ (to inactivate the amniotic fluid, it was heated at 56 ^°^C for 45 min). In the second group (patient control /CD), 75 mg kg^-1^ of cyclophosphamide was administered intraperitoneally. In the third group (CAF1), mice were treated with 1 mL kg^-1^ chicken amniotic fluid subcutaneously for 5 days per week over a period of three weeks. The day after the end of this protocol, a single dose of cyclophosphamide (75 mg kg^-1^) was injected intraperitoneally. The fourth (CAF2) and fifth (CAF4) groups were similar to that of the third, except that amniotic fluid at doses of 2 and 4 mL kg^-1^ was used in these two groups, respectively. In the sixth group (Vit C), mice were treated orally with vitamin C at a dose of 0.20 mg g^-1^ of body weight per day over a period of three weeks. Finally, in the seventh group (COQ10), mice were treated with 10 mg kg^-1^ body weight of coenzyme Q10 intraperitoneally for three weeks. Treatment was performed in all groups for 21 days. The time of cyclophosphamide injection in these groups was day 22 and mice were euthanized 7 days later. After euthanasia by intraperitoneal injection of ketamine (45 mg kg^-1^; Alfasan, Woerden, Netherlands) and xylazine (35 mg kg^-1^; Alfasan),^[@B32]^ the ovaries were isolated and placed in a phosphate-buffered saline solution. Oxidative stress profile including the activity of SOD, CAT and GPx and MDA concentration were evaluated in homogenized ovarian tissues of above-mentioned groups.

**Biochemical evaluations.**The evaluation of GPx and SOD activities was performed using kits (Zellbio GmbH, Ulm, Germany) according to the manufacturer\'s instructions. Lipid peroxidation was determined by measuring the amount of MDA using thiobarbituric acid as described previously.^[@B33]^ The CAT activity was measured at 571 nm, based on the amount of hydrogen peroxide consumed by micro-molecules according to previously provided method.^[@B34]^

**Statistical analysis.**Statistical analyses were carried out using a mixed design (within and between group comparisons). The ANOVAs were computed with 95.00% confidence intervals using SPSS software (version 22.0; SPSS Inc., Chicago, USA). All data are presented as means ± SEM and *p* \< 0.05 was considered to be statistically significant.

Results
=======

**Determination of TAC in chicken amniotic fluid.**Analyzing of the amniotic fluid of chicken embryos on different days of hatching revealed that the age increasing led to an increase in TAC of amniotic fluid ([Table 1](#T1){ref-type="table"}). Despite the increase of antioxidant content in amniotic fluid by day 19, obtaining amniotic fluid was more accessible on day 15.

###### 

Total antioxidant capacity (TAC; mmol L^-1^) changes in amniotic fluid of chicken embryo on different hatching days. Data are presented as mean

  **Days**   **6**    **7**    **8**    **9**    **10**   **11**   **12**
  ---------- -------- -------- -------- -------- -------- -------- --------
  **TAC**    0.3048   0.3426   0.5448   0.6522   0.7112   0.7362   0.7590
  **Days**   **13**   **14**   **15**   **16**   **17**   **18**   **19**
  **TAC**    0.8194   0.834    0.9050   1.1606   1.9380   2.1168   2.3652

**Evaluation of SOD activity.**The SOD activities in the ovary of mice in studied groups are summarized in [Figure 1](#F1){ref-type="fig"}. As shown, the SOD activity in the control group was the lowest in cyclophosphamide treatment, while in other groups, the SOD activity was increased significantly. The increase in SOD in the group treated with coenzyme Q10 is significantly higher than other groups. The difference in activity level of SOD in all groups was significant in comparison with the control group. Meanwhile, the highest effect of amniotic fluid of chicken embryo was observed in increasing SOD activity at a dose of 4 mL kg^-1^.

**The GPx in the ovary.**The data obtained from this study about changes in GPx in the studied groups are summarized in [Figure 1](#F1){ref-type="fig"}. The GPx rate is based on U mg^-1^ of protein. As it can be seen, GPx level in the CD group was the lowest and it was the highest in the CH group. The GPx in the COQ10 group was significantly higher than other treatment groups and it was close to the CH group, but the difference between the two groups was significant (*p* \< 0.05). Meanwhile, the highest effect of chicken embryo amniotic fluid on increasing the activity of GPx enzyme was observed at a dose of 4 mL kg^-1^.

**The CAT in the ovary.**The data from this study regarding CAT changes in the study groups are summarized in [Figure 1](#F1){ref-type="fig"}. The CAT rate is based on U mg^-1^of protein. As it can be seen, the level of CAT in the ovary in the CH group was greater than other groups. Interestingly, the CAT level in COQ10 group was close to that of CH group and there was no significant difference between the two groups. The CAF2 and CAF4 groups had significant increased CAT levels in ovarian tissue, so there was no significant difference between the two groups and control and COQ10 groups.

![Comparison of GPx, SOD and CAT content in seven groups: healthy control group (CH), patient control (CD), treatment with amniotic fluid at a dose of 1 mL kg^-1^ (CAF1), treatment with amniotic fluid at a dose of 2 mL kg^-1^ (CAF2), treatment with amniotic fluid at a dose of 4 mL kg^-1^ (CAF4), vitamin C treatment (VIT C) and coenzyme Q10 treatment (COQ10). The significance level of above factors in seven groups is classified as a to g in relation to control group (*p* \< 0.05).](vrf-9-217-g001){#F1}

![Comparison of MDA content in seven groups: healthy control group (CH), patient control (CD), treatment with amniotic fluid at a dose of 1 mL kg^-1^ (CAF1), treatment with amniotic fluid at a dose of 2 mL kg^-1^ (CAF2), treatment with amniotic fluid at a dose of 4 mL kg^-1^ (CAF4), vitamin C treatment (VIT C) and coenzyme Q10 treatment (COQ10). The significance level of above factors in seven groups is classified as a to f in relation to control group (*p* \< 0.05).](vrf-9-217-g002){#F2}

**Evaluation of MDA.**The data obtained regarding the variation of MDA levels are summarized in [Figure 2](#F2){ref-type="fig"}. The MDA levels in the study groups (CAF1/2/4, Vit C and COQ10) were significantly decreased, while the level of MDA in the COQ10 group was not significantly different from that of the CH group, which indicates that the coenzyme Q10 has a more significant effect than the other groups. The MDA level in this group was similar to control group. Meanwhile, the highest effect of amniotic fluid of chicken embryo in reducing the level of MDA was seen at 4 mL kg^-1^([Fig. 3](#F3){ref-type="fig"}).

![Cyclophosphamide induced ovarian toxicity. This medication increased lipid peroxidation and decreased GPx, SOD and CAT activities. Antioxidant compounds like vitamin C, coenzyme Q10 and chicks\' embryo amniotic fluid can increase antioxidant status in ovarian tissue and cause fertility improvement.](vrf-9-217-g003){#F3}

Discussion
==========

Aims of this study were to elucidate whether chick's amniotic fluid has antioxidant effects and is this fluid effective in reducing ROS induced damages in ovaries, like vitamin C and coenzyme Q10. It has been reported that the TAC level of human amniotic fluid is 522 μm.^[@B22]^ This study proves the presence of a significant level of TAC in the embryonic fluid of fertile eggs. It seems that various factors could affect the level of TAC in embryonic fluids of chicken including the diet of farms, environmental stresses and management issues in poultry farms.^[@B35]^

Cyclophosphamide is one of the cytotoxic drugs metabolized by the liver enzymes to its active metabolites such as phosphoramide mustard and acrolein. Phospharamide mustard is responsible for the anti-cancer effects, but acrolein interacts with the antioxidant defense system of the tissues and generates a large amount of oxygen free radicals with mutagenic properties. This can be easily combined with other molecules including enzymes, receptors and ion pumps, which can directly inhibit their normal function. The increase in synthesis of phosphoramid mustard in the body results in toxic damage to the ovary. The antioxidant system plays an important role in preventing the destructive effects of drug after induction of ROS.^[@B34],[@B36],[@B37]^ As seen, in the patient control group receiving only cyclophosphamide, the increase in MDA levels and the reduction of SOD, GPx and CAT levels were significant, and this is consistent with the incidence of cyclophosphamide in the body and induction of oxidative stress in tissues in accordance with the mentioned mechanism.

In the oxidative stress state, with the increase in the level of ROS and the suppression of the antioxidant balance of the body, the process of lipid peroxidation increases, which suggests that MDA is an indicator of lipid peroxidation in the body.^[@B38]^ As noted in the results, MDA levels in CD group were the highest and the lowest MDA level was found in CH group. Among the treated groups, the COQ10 group had more effect on decreasing the MDA level. In the Vit C group, MDA levels were decreased significantly, but there was a significant difference between the groups with CH and COQ10 groups in terms of MDA level. The effect of vitamin C on reducing the amount of MDA following oxidative stress induction in ovary using rhodamine B has been reported previously.^[@B39]^ Also, positive effects of vitamin C on decreasing MDA levels in depot-medroxyprogesterone acetate induced oxidative stress in ovarian tissue have been demonstrated.^40^ Beneficial effects of vitamin C on the reduction of MDA levels following the induction of oxidative stress in the ovary have been proven. This study showed that COQ10 with the aforementioned dose could be more effective than vitamin C in reducing the level of MDA following oxidative stress induction by cyclophosphamide. Moreover, the beneficial effects of COQ10 and alpha-lipoic acid on reducing the amount of MDA following induction of oxidative stress in an experimental ischemia-reperfusion in ovarian tissue have been indicated previously.^[@B41]^ Similarly, Ozler *et al*. have reported the same beneficial effects of COQ10.^[@B42]^ However, due to the limited research in relation to chicken amniotic fluid, it would be better to compare the results of this study in reducing MDA levels with vitamin C and COQ10. It seems that chicken amniotic fluid at a dose of 4 mL kg^-1^ compared to a dose of 1 mL kg^-1^ is more effective in reducing MDA. Therefore, there is a significant correlation in the CAF4 group in relation to decreasing MDA in comparison with the CAF1 group. There is no significant relationship between CAF4 and CAF2 groups. In fact, it can be concluded that these two groups reduced approximately the same amount of MDA in ovarian tissue. However, none of these groups could work as efficient as vitamin C and COQ10 in reducing the oxidative stress-induced damages in ovarian tissue.

The SOD, GPx, CAT and non-enzymatic antioxidants play an important role in neutralizing ROS and protecting the egg and the fetus. The SOD is responsible for destruction of O~2~ to H~2~O~2~ and oxygen. The CAT and GPx convert H~2~O~2~ into water and oxygen and stop the tissue damage caused by ROS.^[@B43]^ In this study, the lowest level of GPx was observed in CD group and the highest GPx values were observed in COQ10 group. However, the Vit C group also seems to be successful in increasing the amount of GPx in ovarian tissue as much as COQ10. Chicken embryo\'s amniotic fluid had relatively good performance in increasing the amount of GPx in the ovarian tissue. The best performance was for CAF2 and CAF4 groups. The CAF2 was approximately as effective as Vit C group. The CAF4 group had better performance in increasing the GPx levels in the ovary than all amniotic fluid groups. Sekhon *et al*. have considered the use of antioxidant supplements to counteract the effects of ROS in the body and increase the amount of GPx and SOD. Results obtained from this study were consistent with Sekhon *et al.* reports.^[@B44]^

In relation to SOD values in the ovary, the lowest level was seen in CD group, as in the case of GPx, and since the CD group had the highest MDA level, the ROS significantly increased in this group. This is normal, since no treatment has been performed in this group. Laloraya *et al*. have stated that the presence of various SOD isoforms involved in the process of folliculogenesis, steroidogenesis and retention of fertility.^[@B45]^ Matzuk *et al*. have also stated that mice with poor fertility have lower pre-ovulatory follicles and luteal tissue. Thus, it is important to maintain a proper level of SOD in ovarian follicles, theca and granulosa cells to maintain fertility in animals with high ROS levels.^46^ The highest SOD was seen in CH group. The CAF2 group received cyclophosphamide to induce oxidative stress in ovarian tissue. As you can see, the increase in antioxidant enzymes in the CAF2 was about 15 to 20 units in comparison with CD group. Therefore, in the CH, antioxidant enzymes in ovarian tissue are expected to be higher than these values in the absence of antioxidant compounds in the amniotic fluid. Secondly, in similar reports provided by other researchers you will find that the level of antioxidant enzymes in the control group was consistent with the current study, for example, Dai *et al*. have used melamine to induce oxidative stress in ovarian tissue and antioxidant values in the control group were approximately the same as the present study.^[@B43]^ However, with the increase in amniotic fluid doses, the SOD significantly increased in the treated groups. The highest levels of SOD were observed in vitamin C and COQ10 receiving groups and this seems to be normal so far as their antioxidant effects have been substantiated. However, CAF4 was successful in increasing the level of SOD in ovarian tissue following cyclophosphamide administration.

The CAT is another enzyme that protects the cell from free radicals. The CAT was first isolated in 1975 by immunohistochemistry from the ovarian tissue. Increased CAT activity is observed consistently with follicular growth in granulosa and theca cells. Of course, the level of CAT in a follicular fluid in follicles of different sizes is not the same.^[@B47],[@B48]^ In fact, CAT plays an important role in maintaining oxidative balance in tissue and producing ovarian steroids. Evaluation of this enzyme in tissue following the use of chemotherapy drugs can help to maintain fertility. The CAT levels in CAF2, CAF4 and COQ10 groups increased almost equally, so there is no statistically significant difference between them. The Vitamin C also significantly increased the CAT range. Previous studies have shown that increasing oxidative stress in the body following a disease or the use of certain substances and drugs reduces the level of CAT in the body and increases the amount of cell damage. For example, Skrajnowska *et al*. have considered that breast carcinogenicity in rats due to use of 7,12-dimethyl-1,2-benz\[a\]anthracene (DMBA) can reduce CAT levels. Interestingly, the use of chemotherapy drugs such as cyclophosphamide can also lead to induction of oxidative stress and its possible damages.^49^In this study, in the CD group, the level of antioxidant enzymes was minimal and MDA levels were maximal.

It is true that compounds such as vitamin C contribute to increase antioxidant enzymes in tissue, but this study revealed that the use of COQ10 could significantly compete with vitamin C. Presence of substances such as VEGF, IGF, protein, NGF, antioxidant, TGF-β and other agents has been proven in the chick embryo\'s amniotic fluid. Perhaps this fluid has substances that have harmful effects on the tissues and can increase the amount of free radicals in the blood and tissue, which, according to the results of this study, seems to be the effect of beneficial compounds in the amniotic fluid that were successful in increasing the level of antioxidant enzymes in the ovarian tissue towards potentially harmful compounds. For example, Farjah and Fazli have used amniotic fluid of chickens in the process of sciatic nerve regeneration and have reported significant effects on the recovery of neural tissue.^[@B29]^ Since this fluid can be introduced into the mouse body and its potential beneficial effects can be evaluated without causing an abnormal body reaction and given the beneficial ingredients present in the fluid and the function of each of them, it is possible to conduct further studies on the amniotic fluid of the chicken. Farjah and Fazli have also found no abnormal reactions following amniotic fluid injection.^[@B29]^

In conclusion, it can be concluded that Chicks\' embryo amniotic fluid and coenzyme Q10 can compete with vitamin C in increasing the antioxidant levels in ovarian tissue following oxidative stress induction. Therefore, it seems that it is possible to perform further studies on fetal fluids and their possible effects on fertility and reproductive technologies.
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